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(54) Power saving frequency synthesizer with fast pull-in feature 

(57) In a frequency synthesizer, a first, variable frequency divider 3 and a second frequency divider 5 are activated in 
response to a periodic power activation pulse. The first frequency divider is driven by a voltage-controlled oscillator 1 and 
the second frequency divider is driven by a reference frequency oscillator 7. A timing difference between the outputs of the 
first and second frequency dividers is detected and converted to a frequency-domain control signal for coupling to the 
voltage-controlled oscillator. Since the timing difference is converted to a frequency domain signal, the VCO is stabilized 
once there is a substantial frequency match between the first and second frequency dividers. Since the VCO can be 
stabilized thereafter, the frequency dividers can be deactivated when the detected timing difference is reduced to an 
acceptable value and are allowed to remain inactive until the synthesizer is activated again by the next activation pulse. 
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1 TITLE OF THE INVENTION 

2 Tower Saving Frequency Synthesizer With Fast PuIWn Feature" 

3 BACKGROUND OP THE INVENTION 

4 The present invention relates to a frequency synthesizer for an 

5 apparatus, such as radio pagers, having a battery saving' feature, 

6 In a frequency synthesizer employed In conventional radio pagers in 

7 which battery saving is effected, two frequency dividers are provided; one 

8 for dividing the frequency of an output of a voltage-controlled oscillator 

9 and the other for dividing the frequency of a reference frequency pulse 

1 0 from a reference frequency oscillator. The phase difference between the 

1 1 two pulses is detected by a phase comparator and supplied via a loop 
1 2 filter to the control Input of the VCO. When the output Of the variable 

1 3 frequency divider Is phase-advanced with respect to the output of the 

14 other frequency divide^ the phase comparator supplies a ground 

15 potential to the VCO to decrease its frequency; otherwise, a high voltage is 
1 6 applied to the VCO to increase Its frequency. The frequency control in this 
17 manner will be repeated several times until the phase comparator 

1 S produces no output If the frequency synthesizer of this type is used in 

1 9 applications where its power supply is interrupted for power saving 

2 0 purposes during idle periods, it would take long to phase-lock the 

2 1 synthesizer each time its power circuit h reactivated. While this problem 

22 could be solved with the use of a capacitor for holding a voltage 

23 developed across the loop filter during an Idle period and using it as a 

24 frequency control voltage at the start of the next active period, a 

25 prolonged power cutoff would cause the VCO and the reference 

2 6 frequency oscillator to develop a small frequency difference therebetween 

2 7 Which, in turn, results in a substantial amount of phase difference (of 180 

2 8 degrees, at worst) between the outputs of the frequency dividers on 

2 9 starting the synthesizer during the next active period. Such a phase drift 

3 0 would result in a maximum frequency control voltage, causing the VCO to 



'1' 



1 produce large frequency excursions. 

2 In addition, it is advantageous from the power saving view point to 

3 employ frequency dividers of higli dividing ratios and to deactivate them 

4 Immediately following the stabilization of the VCO. However, the phase 

5 comparator of the prior art synthesizer is so sensitive that it produces an 

6 output even though a small frequency difference develops between the 

7 outputs of the frequency dividers. Therefore, the frequency dividers of the 
S prior art synthesizer cannot be deactivated during the active state of the 

9 synthesizer for power savings purposes. 
10 

11 " ■ 

12 ; 

. SUMMARY -OF THE INVENTION 

1 4 According to the present Invention, the frequency synthesizer is 

1 5 arranged to be activated in response to a periodic power activation pulse. 

16 The synthesizer comprises a voltage-controlled oscillator and a first, 

1 7 variable frequency divider for dividing the frequency of the output of the 

1 s VCO at a ratio determined by an external circuit. A second frequency 

1 9 divider is provided for dividing the frequency of the output of a reference 

20 frequency oscillator at a predetermined ratio. A timing difference between 

2 1 the outputs of the first and second frequency dividers is detected and 

22 converted to a frequency-domain control signal for coupling to the 

23 voltage-controlled oscillator. The first and second frequency dividers are 

24 activated in response to the power activation pulse and deactivated when 

25 the detected timing difference is reduced to an acceptable value. Since the 

26 timing difference is converted to a frequency-domain signal, the VCO is 

27 Stabilized once there is a substantial frequency match bely/een the 

28 frequency dividers. Therefore, the frequency dividers are advantageously 

2 9 allowed to remain inactive until the synthesizer is activated again in 

3 0 response to the next power activation pulse. 
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1 SRIEF DESCRIPTION OF THE DRAWINGS 

2 The present invention will be described in further detail with reference 

3 to the accompanying drawings, in which: 

4 Fig. 1 is a block diagrann of a frequency synthesizer embodying the 

5 pjiesent invention; and 

6 Fig. 2 is a timing diagram of the frequency synthesizer. 

7 DETAILED DESCRIPTION 

8 In Fig. 1, a frequency synthesizer embodying the present invention is 

9 shown incorporated in a radio pager having a battery saving circuit 14, 

2 0 which applies power activation pulses to the pager circuitry 16 at peri- 
odic intervals when the pager is in a standby mode. This po%^?er activation 

1 2 pulse is also applied to the set Input of a flip-flop 15. The waveforms of 

13 signals appearing in the block diagram of Fig. 1 are shown in Fig. 2. 

14 The frequency synthesizer comprises a variable frequency divider, or 

15 programmable counter 3 whose input is coupled through an AND gate 2 

1 6 to the output of a voltage-controlled oscillator 1 . Pager circuitry 1 6 

17 supplies a frequency command signal to variable frequency divider 3 and 

1 8 receives synthesized clock frequency from the VCD 1 . Frequency divider 

1 9 3 divides the frequency of the output of VCD 1 coupled through AND gate 
2 0 2 at a desired ratio in response to the frequency command signal and 

2 1 supplies its output to one input Of an exclusive-OR gate 4. A frequency 

22 divider 5 is provided, the input of which is coupled through an AND gate 6 

23 to receive a reference frequency pulse from a reference frequency 

24 oscillator 7 to divide Its frequency at a predetermined ratio. The output of 

25 frequency divider 5 is applied to the other input of exclusive-OR gate 4* 

26 AND gates 2 and 6 are both enabled during the time the output of flip-flop 

27 15 is high. 

2 8 Thus, exclusive-OR gate 4 produces a pulse having a duration equal to 

2 9 the timing difference between the outputs of frequency dividers 3 and 5. 

3 0 The output of exclusive-OR gate 4 is used to enable an AND gate 8 to 



-4- 



1 allow high-speed clock from a dock source 9 to be gated onto a binary 

2 counter 1 0 to produce a binary count of clock to represent the timing 

3 difference. The output of counter 1 0 is stored in a latch T 1 in response to 

4 the leading edge of the output of exdusive-OR gate 4 and the counter 1 0 is 

5 reset in response to the trailing edge of the same output from the 

6 exclusive-OR gate. The stored count is fed into a controller 1 2 in response 

7 to the trailing edge of the output of the exdusive-OR gate in order to 

8 convert the binary count into an appropriate digital frequency control 

9 signal. This frequency control signal is converted to analog form by a 

1 0 digital-to-analog converter 1 3 and applied to the control input of VCO 1 so 

1 1 that the frequency difference between the two frequency dividers is 

1 2 reduced to a low value. If the original frequency difference is such an 

1 3 amount that a single feedback operation is sufficient to bring the frequency 

1 4 synthesizer into a locked state, controller 1 2 knows that the timing 

1 5 difference has reduced to a negligibly small value and supplies a reset 

1 6 pulse to the reset input of flip-flop T 5 as illustrated In Fig. 2. Othen^'ise, the 

1 7 process is repeated until the frequency difference is pulled into the 

1 8 allowable range. To allow controller 12 to determine the direction of 

19 frequency control, AND gates 17 and 18 are provided respectively for 

20 frequency dividers 3 and 5, with AND gate 1 7 having its input terminals 

2 1 respectively coupled to the outputs of frequency divider 3 and excluslve- 

22 OR gate 4, and AND gate 1 8 having its input terminals respectively coupled 
2 3 to the outputs of frequency divider 5 and exdusive-OR gate 4, The outputs 

24 of AND gates 1 7 and 1 8 are applied to controller 1 2. If the output 

25 frequency of divider 3 is higher than the output frequency of divider 5 as 
2 6 indicated in Fig. 2, then the AND gate 1 8 produces an output pulse having 
27 the same duration as the output of exclusive-OR gate 4, and controller 1 2 
2 8 produces a frequency control signal that reduces the VCO frequency by 

2 9 an amount corresponding to the detected timing difference. If the output 

3 0 frequency of divider 3 is lower than the output frequency of divider 5, AND 
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1 gate 1 7 will produces an output that causes controller 1 2 to increase the 

2 VCO frequency. 

3 In this way, VCO control is accomplished in a short period of time 

4 following each activation cycle of the battery saving mode, and the 

5 operating time of frequency dividers 3 and 5, and hence their power 

6 consumption is reduced to a minimum. 
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CLAIMS 

1 1 . A frequency synthesizer arranged to be activated in response to a 

2 periodic power activation pulse, comprising: 

3 • a voltage-controlled oscillator; 

4 first, variable frequency divider means, arranged to be activated In 

5 response to said periodic pulse, for dividing ti^e frequency of an output 

6 pulse from said voltage-controlled oscillator at a ratio determined by an 

7 external circuit to pfoduce a variable frequency pulse, and arranged to be 

8 deactivated in response to a reset pulse; 

9 a reference frequency oscillator; 

1 0 second frequency divider means, arranged to be activated in response 

1 1 to said periodic pulse, for dividing the frequency of an output pulse from 

1 2 the reference frequency oscillator at a predetermined ratio to produce a 

13 reference frequency pulse, and arranged to be deactivated in response to 

14 said reset pulse; 

1 5 comparator means for detecting a timing difference between said 

1 6 variable frequency pulse and said reference frequency pulse; and 

i 7 control means for converting the detected timing difference to a 

18 frequency-domain control signal, applying the frequency-domain control 

1 9 signal to said voltage-controlled oscillator, and generating said reset pulse 

20 when the detected timing difference Is reduced to an acceptable value, 

1 2. A frequency synthesizer as claimed in claim 1 , wherein said 

2 comparator means comprises an exdusive-OR gate responsive to said 

3 variable frequency pulse and said reference frequency pulse to produce 

4 an output pulse having a duration corresponding to said timing difference, 

5 and wherein said control means comprises: 

6 a dock source for generating clock pulses; 

7 counter means for counting clock pulses from said dock source during 
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8 the presence of the output pulse of said exc!usive-OR gate to produce a 

9 dock-count signal; 

1 0 means for converting said clock-count signal to a digital frequency 

1 1 control signal and generating said reset signal when the count indicated by 

12 said clock-count signal is smaller than a predetermined value; and 

1 3 a digital-to-analog converter for converting said digital frequency 

1 4 control signal to an analog frequency control signal and applying the 

1 5 analog frequency control signal to said voltage-controlled oscillator. 

1 3. A radio pager comprising: 

2 battery saving means for producing a power activation pulse at 

3 periodic intervals during a standby mode of the pager; 

4 a voltage-controlled oscillator; 

5 first, variable frequency divider means, arranged to be activated in 

6 response to said power activation pulse, for dividing the frequency of an 

7 output pulse from said voltage-controlled oscillator at a desired ratio of 

8 said pager to produce a variable frequency pulse, and arranged to be 

9 deactivated in response to a reset pulse; 

10 a reference frequency oscillator; 

1 1 second frequency divider means, arranged to be activated in response 

1 2 to said power activation pulse, for dividing the frequency of an output 

13 pulse from the reference frequency oscillator at a predetermined ratio to 

1 4 produce a reference frequency pulse, and arranged to be deactivated in 

1 5 response to said reset pulse; 

1 6 comparator means for detecting a timing difference between said 

17 variable frequency pulse and said reference frequency pulse; and 

1 8 control means for converting the detected timing difference into a 

1 9 frequency-domain control signal, applying the frequency-domain control 
2 0 signal to said voltage-controlled oscillator, and generating said reset pulse 
2 1 when the detected timing difference is reduced to an acceptable value. ' 
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1 4. A radio pager as claimed in claim 3, wherein said comparator 

2 means comprises an exdusive-OR gate responsive to said variable 

3 frequency pulse and said reference frequency pulse to produce an output 

4 pulse having a duration corresponding to said timing difference, and 

5 wherein said control means comprises: 

6 a dock source for generating clock pulses; 

7 counter means for counting clock pulses from said clock source during 

8 the presence of the output pulse of said exclusive-OR gate to produce a 

9 clock-count signal; 

1 0 means for converting said clock-count signal to a digital frequency 

1 1 control signal and generating said reset signal when the count indicated by 

1 2 said clock-count signal is smaller than a predetermined value; and 

13 a digital-to-analog converter for converting said digital frequency 

14 control signal to an analog frequency control signal and applying the 

1 5 analog frequency control signal to said voltage-controlled oscillator. 

1 5. In a frequency synthesizer arranged to be activated in response to 

2 a periodic power activation pulse, the synthesizer comprising a voltage- 

3 controlled oscillator; first, variable frequency divider for dividing the 

4 frequency of an output pulse from said voltage-controlled oscillator at a 

5 ratio determined by an external circuit; a reference frequency oscillator; 

6 and a second frequency divider for dividing the frequency of an output 

7 pulse from the reference frequency oscillator at a predetermined ratio, a 

S method for controlling said synthesizer, the method comprising the steps 
9 of: 

1 0 a) activating said first and second frequency dividers in response to 

1 1 said power activation pulse; 

1 2 b) detecting a timing difference between outputs of said first and 

1 3 second frequency dividers; 
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1 4 c) converting the detected timing difference to a frequency-domain 

1 5 control signal and applying tlie frequency-domain control signal to said 

1 6 voltage-controiled oscillator; and 

1 7 d) deactivating said first and second frequency dividers when the 

1 8 detected timing difference is reduced to an acceptable value. 
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